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The ultrasonic phased array focusing model of cylindrical component
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Abstract: When planar phased array ultrasonic transducer is used to detect cylindrical components, the
wave front of the scanned acoustic beam is bent due to the impact of incident wave and echo delay caused by
the curved interface structure. The traditional iterative traversal algorithm has low efficiency and accuracy
error in calculating the delay time, so it can not give full play to the advantages of phased array transducer.
Aiming at the above problems, a focusing model of ultrasonic phased array scanning imaging based on the
characteristics of cylindrical components and coupled media is established in this paper. Based on the material
properties and geometric relations of transducer, coupling medium, cylindrical component, sound model and
refraction law, the delay time focusing control model is established to correlate the sound velocity, curvature
radius of surface, distance between array and surface of the coupling medium and the component under test.
The delay time calculated by the model is used to control the emission time of each array, so as to realize

the focus of the scanning sound beam. This paper takes liquid and plexiglass wedges as examples to simulate the
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phased array beam focusing of cylindrical steel surfaces. The results show that the computational efficiency of

the proposed method is significantly improved, and the beam can be focused at a preset position, which verifies

the advantages and effectiveness of the proposed model in computational efficiency.

Keywords: Phased array ultrasonic testing; Cylindrical member; Focusing model
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Fig. 1 Schematic diagram of path calculation of

the two-layer flat interface focused sound beam
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calculation for curved component
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Table 2 Comparison of the calculation re-

sults of the two algorithms
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Table 3 The number of each array, the un-

derwater sound path, the sound path in the

measured component and the delay time

(ST {1 /mm l2/mm AT /us
1.16 5.0575 6.2438 0
2.15 5.0467 5.9444 0.0580
3.14 5.0359 5.6822 0.1097
4,13 5.0256 5.4599 0.1544
5.12 5.0163 5.2797 0.1912
6,11 5.0087 5.1432 0.2195
710 5.0032 5.0517 0.2387
8.9 5.0004 5.0057 0.2484

0 L

s

g |
E ol
R |

=

g —12¢

S
—161
—20

—15 —10 -5 0 5 10 15
I A7 F /mm
(a) 2 ps
0 L
—al

g B

£ sl

R B

:E

F —12f

ﬁ L

—16[
—20
—15 —10 -5 0 5 10 15
AL /mm
(b) 5.2 ps

KI5 FEICTCIE T IR S 4 70 Al
Fig. 5 The transient sound field distribution of
the array without delay

0 L

4t

g L

£ st

R I
E

= 12}

S I

716 L

—20

—-15 —-10 -5 0 5 10 15
R 7% /mm
(a) 2 ps

O L

4l

£ st

B I
=

= -12}
R

716 L

—20

—-15 —-10 -5 0 5 10 15
HEE AR /mm
(b) 5.2 ps

K6 HubhZesbSRERSTE 00
Fig. 6 Focus transient sound field distribution at

the central axis

BEE/Pa

6 8 10 12 12 16
A/ mm
B7 A O Rl R A
Fig. 7 Sound pressure distribution in the central

axis of steel

B R R T A PO B A M 5 mm. ¥
JFE10 mm (f’e 2R AR, IRAE A SCIR B 545 45 [
TR SE RIS (8], [F] I X A SO 125 9% s AR AL ik
G BEAT AR, 0T EL S SRR 4 s



220

2 A7F

2024 1 A

F4 BHEETESERILL
Table 4 Comparison of the calculation re-

sults of the two algorithms
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F7R o

K432 5 o (0 S IS B A N 1 AR 478 B 6 E 2% &
BT, A IRAE T UR AR, DT B8 R B 8 Fr i
K 8(a) F T A e &5 45 METTHZ L 5 R RE N AR IR
WO A, B 8(b) RARTED.5 us /2 FE TR R £E
XA e LS 5

x5 BMELES IKPER N AR E]

Table 5 The number of each array, the underwater sound path, the

sound path in the measured component and the delay time

B TC4m 5 l1/mm lo/mm AT /us [T R {1/mm lo/mm AT /us
1 5.1074 8.5838 0 9 5.0345 5.6499 0.5465
2 5.1009 8.1292 0.0815 10 5.0243 5.4332 0.5901
3 5.0936 7.6973 0.1602 11 5.0152 5.2588 0.6259
4 5.0854 7.2801 0.2359 12 5.0078 5.1283 0.6530
5 5.0763 6.8913 0.3079 13 5.0027 5.0428 0.6709
6 5.0065 6.5307 0.3756 14 5.0002 5.0031 0.6793
7 5.0561 6.2015 0.4385 15 5.0006 5.0093 0.6780
8 5.0453 5.9069 0.4957 16 5.0038 5.0614 0.6670
of AR RUARBR AT A9 SR 4B S A T4 g 2 A B
_al A5 0 Te R 7 Tl % 63° , 22 1% ) 7 404
4
g I B9 R (B H— 4 ab2]), i B 9 v ka4
78 [
£ TREESGR, 75 R RWHE K, 75 10 mm BR 72 4 By
| B TG R S BB FE I AR — B R 2 IS LS £, 75
—16f JR I B e KAB, 2 i B8 2 % P 38 0 75 32 B IR B0
» PRI/ (7 FL45 R S RS A
—-15 —10 -5 0 5 10 15 1.00 F i ! i i i i
*ﬁr"—”ﬁj@/mm 0.95
(@) 2 s 0.90 |
]
or & 0851
I i 080
1 0.80 f
_af k
£ - 0.75 |
-8 Z 0.70
> | .
T -12f 0.65 |
16} 6 s 10 12 14 16 18 20
L R /mm
—20
L L L L L L L o HR f =5 47, =
T . o . o o Bl ikt 63° 7 AT 5 H A
&I 4784 /mm Fig. 9 Deflection 63° direction focused sound field
(b) 5.5 ps sound pressure distribution
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Fig. 8 Deflection focusing transient sound field

sound distribution
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Table 6 Comparison of the calculation re-

sults of the two algorithms

T IE 2 I s AT
BB /mm 0.01 0.01
BRI 6500 294
FERT /s 0.75 0.22

P A A A AR AT 1S R A T e AR O B
A TR FEE T e AR 68°, 4111 05 1) 75 T 23 AT, T
K11 fos (B4 3 — b2, 75 10 mm IR A2
P R ARAR B K, 2 S B A TR BE B 0 S R sk, 5
TUHASE AW & o BAMTE T HoAh 2R £ 05 (U E i
ENSFREAT A 30 B, 5 _FiR RS AR, 5
FHR AT LATE$5 1o B SR £

MRS BB AR BNt A FE AN IR A 8]

Table 7 The number of each array, the plexiglass middle sound path,

the measured component middle sound path and the delay time

Fesidm's  lLi/mm lo/mm AT /ps FEJCHS  li/mm lp/mm  AT/ps
1 5.3975 8.2770 0 9 5.1216 5.6643 0.5363
2 5.3500 7.8624 0.0798 10 5.0898 5.4704 0.5809
3 5.3218 7.4691 0.1568 11 5.0612 5.3059 0.6187
4 5.2914 7.0991 0.2307 12 5.0371 5.1820 0.6492
5 5.2590 6.7544 0.3011 13 5.0183 5.0881 0.6720
6 5.2251 6.4371 0.3676 14 5.0059 5.0279 0.6868
7 5.1903 6.1487 0.4290 15 5.0003 5.0014 0.6933
8 5.0453 5.8907 0.4855 16 5.0018 5.0086 0.6915
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Fig. 10 Deflection focusing transient sound field sound distribution
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